The purpose of this review is to present the most important recent studies on the clinical use of the combined spinalepidural technique.
Introduction
The combined spinal-epidural (CSE) technique has gained increasing popularity for patients undergoing major surgery below the umbilical level who require prolonged and effective postoperative analgesia. CSE anaesthesia combines the rapidity, density, and reliability of a subarachnoid anaesthetic with the flexibility of continuous epidural anaesthesia to extend the duration of analgesia [1] . The technique is particularly popular in obstetric anaesthesia and analgesia. A recent UK survey [2] showed that 65% of obstetric consultant anaesthetists used the CSE technique in their practice. In keeping with the aims of this journal the current review looks at the literature on CSE anaesthesia during the last year, in general the literature was predominantly on the use of CSE anaesthesia in obstetrics and in particular labour analgesia.
Combined spinal-epidural Caesarean section
A modification of the conventional CSE is the sequential CSE technique, in which spinal anaesthesia is induced with a small-dose intrathecal local anaesthetic and opioids to produce a limited anaesthetic that can be extended with epidural top-ups of local anaesthetic or saline. This epidural volume extension (EVE) may be due to several mechanisms including the 'volume effect' in which the dura is compressed by epidural saline, resulting in 'squeezing' of cerebrospinal fluid and more extensive spread of subarachnoidal local anaesthetic. The volume effect appears to be time-dependent, beyond 30 min or after two-segment regression has begun, any epidural top-up of saline would have no effect on block extension and may even accelerate regression of the spinal anaesthetic.
In a controlled study of 62 parturient women undergoing elective Caesarean section Lew et al. [3 ] compared the EVE technique with single-shot spinal anaesthesia with respect to its sensory and motor block profile and haemodynamic stability. Patients in the EVE group demonstrated significantly faster motor recovery (73 AE 33 min versus 136 AE 32 min; P < 0.05). The study showed that CSE with EVE provided adequate anaesthesia with only 55% of the bupivacaine dose, which allowed a more rapid motor recovery of the lower limbs [3 ] . This faster motor recovery by 1 h may have an impact on shortening postanaesthesia care unit (PACU) stay.
Van de Velde et al. [4] performed a retrospective chart analysis of all pre-eclamptic parturient women who underwent Caesarean section over a 4-year period at their institution. Of the 77 participants, 26 were severely preeclamptic and 51 had mild pre-eclampsia. Surgery was performed under epidural anaesthesia in 62 patients and under CSE in 15 patients. No differences were seen between the two groups with regard to patient characteristics and obstetric data. In the CSE group more ephedrine was used while in the epidural group more fluids were required. The authors concluded that CSE anaesthesia appeared to be a safe technique for preeclamptic parturient women. The limitations of the study, however, included its retrospective design and the fact that the number of patients was much larger in the epidural group [4] .
Combined spinal-epidural anaesthesia for labour analgesia
Several methods have been advocated to provide neuraxial analgesia for labour. The classical labour epidural may take up to 20 min for onset of pain relief. In contrast, the CSE technique provides the advantages of a spinal anaesthetic, such as speed of onset, low drug usage and with the additional advantages of an epidural catheter. This catheter may then indefinitely prolong the analgesia or may serve for a Caesarean section in case of need. The CSE technique has also made ambulation possible due to the minimal motor block. Ambulation is also possible with epidural techniques, however, using continuous infusions of dilute local anaesthetics with opioids. Furthermore many women who receive a CSE never actually ambulate in spite of encouragement to do so [1] .
A debate has been going on for several years about the pros and cons of CSE versus the plain epidural technique for labour analgesia. A prospective, blinded randomized study was undertaken involving 113 women. Analgesia was initiated with intrathecal 2.5 mg bupivacaine combined with 5 mg sufentanil in the CSE group (n ¼ 54) and with bupivacaine 0.125% plus epinephrine 2.5 mg/ml plus sufentanil 7.5 mg in the epidural group (n ¼ 59). In the CSE group, the onset of analgesia was faster (5 versus 15 min), the consumption of bupivacaine was lower (7.5 versus 11.3 mg/h) and there was less unilateral analgesia (14.8% versus 40.7%) than in the epidural group. The characteristics of labour were similar in both groups. In the CSE group, however, there was a higher incidence of posterior presentation (25.9% versus 10%), pruritus, hypotension, somnolence, nausea and one case of meningitis. The CSE technique provided more effective analgesia during labour than epidural analgesia alone but offered no other advantage [5] .
Non-reassuring fetal heart rate (FHR) abnormalities have been reported after the administration of spinal opioids in parturient women with an arterial blood pressure that is stable and within normal limits. These FHR patterns are believed by some to be associated with uterine hyperactivity but there is no agreement on this issue. Van de Velde et al. evaluated the role of the spinal sufentanil dose on FHR changes. Three hundred parturient women were randomized into three groups. In the first group, known as the EPD group, epidural analgesia was initiated with 12.5 mg of bupivacaine, 12.5 mg of epinephrine, and 7.5 mg of sufentanil. In group 2, the BSE group, initial intrathecal analgesia consisted of 2.5 mg of bupivacaine, 2.5 mg epinephrine, and 1.5 mg of sufentanil. In group 3, the SUF group, spinal analgesia consisted of 7.5 mg of sufentanil. Twenty-four percent of patients in the SUF group developed FHR abnormalities (bradycardia or late decelerations) during the first hour after initiation of analgesia compared with 12% in the BSE group and 11% in the EPD group. Uterine hyperactivity occurred in 12% of parturients in the SUF group but only 2% in the other groups. Onset of analgesia was more rapid in both CSE groups as compared with the EPD group. Of patients in the BSE group, however, 29% developed severe hypotension [6 ] . These data are consistent with previous recommendations of caution when performing CSE anaesthesia using a large dose (7.5 mg or more) of spinal sufentanil because of the risk of uterine hyperactivity and FHR abnormalities.
In a controlled study using the CSE technique, Lim et al.
[7 ] compared the duration of labour analgesia by giving a standard dose (same dose) of three different long acting local anaesthetic drugs to 60 nulliparous parturient mothers. All patients received 2.5 mg of intrathecal bupivacaine, ropivacaine, or levobupivacaine. The duration of analgesia was the longest (76.3 AE 5.9 min) with bupivacaine but similar between ropivacaine (52.6 AE 4.0 min) and levobupivacaine (51.1 AE 3.4 mm). Bupivacaine was associated with the most frequent incidence of motor block; there was no difference in motor block between patients who received ropivacaine or levobupivacaine. This study also suggested that intrathecal (as opposed to epidural) ropivacaine is less potent than bupivacaine, even at clinically relevant doses [7 ].
Combined spinal-epidural versus epidural for labour pain: literature review
A Cochrane review of CSE versus epidural analgesia in labour identified 14 trials (n ¼ 2047), which met the inclusion criteria; 25 outcomes were analysed. The authors concluded that there was no standard CSE or epidural technique. Compared with epidural, CSE provided faster onset of effective pain relief from the time of injection, and increased the incidence of maternal satisfaction. CSE women experienced more itch, however, following injection of intrathecal opioids. There was no difference between CSE and epidural techniques with respect to the incidence of forceps delivery, maternal mobility, postdural puncture headache, Caesarean section rates or admission of babies to the neonatal unit. It was not possible to draw any meaningful conclusions regarding rare complications such as nerve injury and meningitis [8 ] .
Choice of drugs and dosages for combined spinal-epidural anaesthesia in labour analgesia
In the literature, the dosages of intrathecal opioid-local anaesthetic mixtures have been arbitrarily chosen, with little knowledge of the contribution of each component to the overall effectiveness of analgesia. The local anaesthetic that has been used most extensively is bupivacaine, in doses ranging from 1 to 2.5 mg, usually combined with opioids. More recently, the chiral drugs such as ropivacaine and levobupivacaine have been administered for CSE labour analgesia [1] .
Camorcia et al. [9 ] compared the analgesic efficacies of intrathecal ropivacaine, levobupivacaine, and bupivacaine for the first stage of labour analgesia. To compare equipotent analgesia doses the authors used the up-down sequential allocation model, which allows estimation of the minimal local analgesia dose (MLAD). Ninety-seven nulliparous term parturient women requesting CSE analgesia were randomly allocated to one of three groups to receive 0.25% spinal ropivacaine, levobupivacaine, or bupivacaine. The initial dose of the local anaesthetic drug was 2.5 mg and the testing interval was set at 0.25 mg, subsequent doses were determined by the response of the previous patient. The intrathecal MLAD was 3.64 mg for ropivacaine, 2.94 mg for levobupivacaine and 2.37 mg for bupivacaine. There were significant trends for greater motor block with bupivacaine and levobupivacaine. This study [9] showed a potency of spinal bupivacaine over levobupivacaine over ropivacaine.
Various drugs have been used for the intrathecal portion of CSE, ranging from opioids alone to multiple drug combinations with local anaesthetics, opioids, epinephrine, clonidine, and neostigmine [1] . Intrathecal epinephrine doses of 25 and 200 mg were found to prolong the duration of local anaesthetic-opioid combinations given intrathecally. Gurbet et al. investigated the dose-response relationship for intrathecally administered epinephrine added to a local anaesthetic-opioid combination in CSE analgesia for labour. The control group received an intrathecal injection of bupivacaine 2.5 mg and fentanyl 25 mg only. The others received epinephrine 12.5, 25, 50 or 100 mg added to this intrathecal regimen. Compared to the control group, all four epinephrine groups had significantly longer duration of intrathecal analgesia, but the times were similar. The frequencies of side effects were similar in all five groups. Epinephrine doses higher than 12.5 mg produced no additional benefits in terms of duration or quality of spinal analgesia with this drug combination [10] .
Non-obstetric use of the combined spinalepidural technique
The CSE technique has also been used for a variety of non-obstetric procedures [1] . Dobrydnjov et al. [11 ] evaluated the perioperative effects of intrathecal and epidural clonidine combined with a local anaesthetic in 60 patients undergoing hip arthroplasty. Addition of intrathecal 15 mg of clonidine to bupivacaine during CSE anaesthesia provided a higher quality of anaesthesia and longer-lasting analgesia than bupivacaine alone. The combination of clonidine and ropivacaine administered by the epidural route was well tolerated and produced significantly improved postoperative pain relief compared with ropivacaine alone. Epidural infusion of clonidine 40 mg/h, however, also had a moderate hypotensive effect [11 ] .
Does the choice of combined spinal-epidural technique influence failure rates?
A retrospective analysis was performed on 19 259 deliveries during a 3-year period at one institution. The neuraxial labour analgesia rate was 75% and the overall failure rate was 12%. The incidence of overall failure, intravenous epidural catheter, wet tap, inadequate epidural analgesia and catheter replacement were lower in patients receiving CSE versus epidural analgesia [12 ] .
The two techniques currently in practice are the needlethrough-needle (NTN) technique and the double-space technique. When two separate spaces are used, the epidural component is completed before the intrathecal injection is attempted. With the NTN technique, the intrathecal injection follows insertion of the epidural Touhy needle, which serves as an introducer. When the intrathecal injection is completed, the spinal needle is first removed, followed by the Touhy needle after epidural catheter placement, leaving the catheter to be withdrawn to the desired mark. Compared with the double space technique, the advantages of the NTN technique are a single injection site and speed of performance. One of the several new NTN kits is the Epistar (Medimex, Hamburg, Germany) which permits epidural catheter insertion prior to a spinal injection, thereby allowing catheter problems to be taken care of before rather than after the intrathecal injection of the local anaesthetic.
In a controlled study of 200 parturient women, Backe et al. [13] compared the performance of the Epistar NTN with the double space technique for CSE anaesthesia during Caesarean section. The success rates for blocks to T5 with the double space and NTN techniques were 80 and 54% respectively. Time to readiness for surgery was 15 min and 12.9 min for the double space and NTN techniques, respectively. The double space technique had a greater success rate than the NTN technique [13] . A 54% success rate with the NTN technique may be the lowest in the published literature. The authors recommend the double space technique, but even an 80% success rate is far lower than that reported below by Cook [14] . In the literature, large studies report a success rate in the high 90% region with the NTN technique [1] .
The issue of NTN or double space CSE was also studied by Cook [14] who reported his experience in 201 parturient women. The CSE technique developed by the author involved placement of the spinal needle in the subarachnoid space followed by replacement of the spinal needle stylet after appearance of cerebrospinal fluid. The epidural catheter was then positioned separately before returning to the spinal needle and injecting the subarachnoid drug. The technique had a high technical success rate. Both needles were successfully placed in 200 (99.5%) patients. Spinal anaesthesia was successful in all cases. The epidural catheter was used in 179 cases and failure of the epidural occurred in two (1.1%) patients. Paraesthesia, inability to advance the epidural catheter and blood in the epidural catheter occurred in 31 patients (15.4%), which necessitated immediate replacement of the epidural catheter in 14 (7%) of these cases. Postoperatively, typical postdural puncture headache was reported by one patient (0.5%) and mild backache by four of them (2%). There were no neurological complications. Minor problems occurred during the procedure in 31 patients (15.4%). These consisted of paraesthesias with epidural catheter (n ¼ 13) and spinal needle insertion (n ¼ 2), blood in the epidural catheter (n ¼ 12) and the inability to feed the epidural catheter (n ¼ 4). Nevertheless, the author of this uncontrolled study concluded that the separate needle technique is superior to the NTN technique but comparative studies between the two techniques are needed to confirm or refute this [14] .
Conclusion
The use of regional techniques is increasing worldwide. CSE is also gaining increasing acceptance particularly for Caesarean section and orthopaedic surgery. For labour analgesia, the role of CSE is less clear and many obstetric anaesthesiologists still prefer the traditional epidural technique. A Cochrane review comparing the two techniques showed that CSE provided faster onset of pain relief and increased maternal satisfaction, but the parturient participants experienced more itch. Recent studies have evaluated the issue of intrathecal potency differences between bupivacaine, levobupivacaine, and ropivacaine and also the role of adjuvants such as sufentanil and epinephrine. There is a new debate about the technical advantages and higher success rates of double-space over NTN CSE techniques, but this needs to be confirmed in large studies.
